Hyperphosphatemia is a risk factor for cardiovascular disease and mortality in individuals with end-stage kidney disease (ESKD). Thus, it represents a potential target for interventions to improve clinical outcomes in ESKD. Phosphorus reduction therapy for maintained hemodialysis (MHD) patients encompasses phosphate binder medication, adequate dialysis, and also dietary phosphorus control. The main strategy in achieving dietary phosphorus reduction involves intensive education by a dietitian. The purposes of this patient education process are: (a) to obtain patient background information, (b) to assess patient knowledge, (c) to evaluate patient nutritional status, (d) to educate the patient using various approaches, and (e) to optimize the patient's nutritional state. Here, we review the management of dietary phosphorus by dietitians and summarize our strategy and the activities we use in diet counseling for MHD patients.
Background
The occurrence of kidney disease and subsequent kidney failure continues to increase throughout Japan. By the end of 2012, the number of patients on dialysis reached as high as 300,000 [1] . It is currently estimated that more than 13,300,000 people suffer from chronic kidney disease (CKD) [2] . In CKD, progressive impairment of kidney function leads to the retention of many substances, including potassium and phosphorus. Thus, hyperphosphatemia is a common secondary complication in patients with end-stage kidney disease (ESKD). This complication is a consequence of the reduction in filtered phosphate load, which subsequently plays an important role in the development of renal osteodystrophy and in the increased risk of mortality and cardiovascular diseases [3] [4] [5] [6] .
Phosphate homeostasis is maintained through the concerted action of various hormones and factors in the intestine, kidney, and skeleton [7, 8] . Following further impairment of residual renal function in people with CKD, the reduction in phosphate excretion breaks down this complex balance and induces hyperphosphatemia. The management of serum phosphate is therefore vital for reducing the risk of mortality and cardiovascular events. Such management requires a multi-factorial approach, including appropriate use of phosphate-binding agents, delivery of an adequate dose of renal replacement therapy, and dietary restriction of phosphate [9] [10] [11] [12] [13] . Medical staff caring for maintained hemodialysis (MHD) patients often face difficulties in successfully implementing phosphate management.
Previous studies suggested that patient education may improve phosphate control, patient knowledge about dietary phosphorus, and patient compliance to an adequate diet regimen-variables essential to maintaining phosphorus at acceptable levels [14, 15] . Herein, we review the management of dietary phosphorus intake for MHD patients and introduce our approach for improving dietitians' skills at educating MHD patients.
The physiological role of dietary phosphorus
Phosphorus is an essential mineral used for growth and repair of the body's cells and tissues [8] and serves as a vital component of an array of biologically active molecules such as nucleic acids, signaling proteins, phosphorylated enzymes, and cell membranes. While some phosphorus is stored in tissues throughout the body, most (85%) is present in the body as phosphate within bones and teeth. However, phosphorus is continuously in flux between the bone and extracellular fluid, and all tissues can absorb and secrete phosphate to meet physiological demands.
Phosphate homeostasis is a complex, highly regulated process. In individuals with CKD, the serum phosphorus concentration is usually maintained within the normal range (2.5 to 4.5 mg/dl) by a variety of compensatory mechanisms until CKD has progressed to stage 5 or become ESKD [16] . In ESKD patients who lose the ability to excrete excess phosphorus, the extent of phosphorus retention depends on the patient's intake of phosphoruscontaining food [17] . Therefore, the management of dietary phosphorus is critical throughout the progressive course of kidney disease, up to dialysis-dependent endstage renal failure.
Dietary sources of phosphorus
Because phosphorus is found in a wide variety of foods, complying with a dietary phosphorus restriction is very challenging for MHD patients. Kalantar-Zadeh et al. demonstrated a strong linear correlation (R 2 = 0.83) between dietary protein and phosphorus content (Fig. 1) . This correlation yields a regression equation that can be used to estimate daily phosphorus intake from daily protein intake in MHD patients. On average, the ratio of phosphorus to protein is 15 mg of phosphorus per gram of protein [11] . The Japanese Society for Dialysis Therapy recommendation for MHD patients is a phosphorus intake of (1.2-1.4 mg/day/kg) × 15 mg/day.
Information reporting the phosphorus content as milligram per gram of protein (mg/g protein) is especially useful to identify which foods supply less phosphorus for the same amount of protein. Dietitians recommend foods and supplements with an inorganic phosphorus-protein ratio of less than 10 mg/g. Analyses of phosphorus content (mg/100 g edible portion) in various natural food groups have shown that the highest phosphorus load comes from nuts, hard cheeses, egg yolks, meat, poultry, and fish [17] [18] [19] [20] [21] . Rather than compelling patients to give up their favorite foods, dietitians aim to provide appropriate recommendations and practical information. For example, rather than eliminating eggs entirely, patients can be advised to instead consume fresh, non-processed egg white (which has a phosphorus-protein ratio less than 2 mg/g), because egg white contains a high amount of essential amino acids and low amounts of fat, cholesterol, and phosphorus [22] .
In addition to assessing food based on its phosphorus content as milligram per gram of protein, the protein digestibility-corrected amino acid score (PDCAAS) can also be used for the management of dietary phosphorus. PDCAAS is a method for evaluating protein quality based on both human requirements for, and the ability to digest, amino acids. Because the formula for calculating Fig. 1 Estimated phosphorus intake (in mg/dl) calculated from daily protein intake (in g/d) in 107 MHD patients from the NIED study. This figure was kindly provided by Prof. Kalantar-Zadeh. Regression equation: phosphorus = 11.8 protein + 78 (r = 0.91, P = 0.001) the PDCAAS is very complicated, dietitians perform the calculations and use the assessment for educating patients [23] .
Almost all foods contain phosphorus, although the actual intake of phosphorus depends upon the total amount of phosphorus in the diet and its bioavailability. In healthy individuals, the recommended dietary intake for phosphorus is 1000 mg/day for men and 800 mg/day for women (for further information, see Overview of Dietary intakes for Japanese 2015 [2] ). In fact, total dietary phosphorus comes from three different sources which are thought to have different bioavailability and physiologic roles: (1) naturally occurring organic phosphorus, which serves as a component of cell membranes, tissue structures, and phosphoprotein; (2) inorganic phosphorus, which is added during food processing and is present to a lesser extent in naturally occurring phosphorus salts; and (3) inorganic phosphorus present as an active or inactive ingredient in over-the-counter medications, common prescription medications, dietary supplements, and food enrichment/fortification substances ( [22, 26] . However, Noori et al. noted that there are three important caveats to this plant-based diet. First, the yeast-based phytate in whole grains makes the phosphorus content of leavened breads more effectively absorbed than the phosphorus content of cereals or flat breads. Second, the effects of probiotics on enhancing phytateassociated phosphorus release and absorption are currently unknown. Third, the biological value (quality) of plant proteins tends to be lower than that of animal proteins, and for people with marginal protein intakes, this could leads to inadequate protein nutrition [24] . (c)Rice as a major Japanese food Rice is a staple food for Japanese people. In Japan, the average daily consumption per person reaches 155 g/day and, in the form of steamed rice, becomes 330 g/day [2] . Kanno et al. [27] and Watanabe et al. [28] reported that phosphorus intake is reduced by using wash-free rice. Uehara et al. [29] demonstrated that five rounds of washing polished rice for 20 s each could reduce its amount of phosphorus. Given that special protein-controlled rice for CKD patients is very expensive (usually 2.5 to 4.5 times the expense of ordinary steamed rice), it is economically better for patients to instead eat polished rice and/or well-washed rice.
Inorganic phosphorus from food additives
Phosphorus is the main component of many preservatives and additive salts found in processed foods (e.g., as an acidifier emulsifier or adhesive agent in foods such as processed cheese and some carbonated drinks) (Fig. 2) . Additives are used in food processing for a variety of purposes such as extending shelf life, improving color, enhancing flavor, and retaining moisture [20, 30] . The presence of inorganic phosphorus in foods is often obscured by the use of complex names or ingredients on food labels (Fig. 3) . Importantly, almost all the inorganic phosphorus in processed foods can be absorbed.
In the USA and other Western countries, the phosphorus added during processing contributes an average of 500 mg/day per capita. Depending on food preferences, these compounds can contribute from 300 mg to as much as a gram of phosphorus towards an individual's daily intake. In Japan, both lifestyle and food preferences have changed and become more similar to those of Western cultures. Phosphate additives are a serious concern for kidney patients at all stages of CKD. Specific preparation methods for processed foods can reduce the food's amount of phosphorus [20, 25, 31, 32] , Table 1 . Recently, Takemasa et al. demonstrated that the phosphorus content in sausages could be reduced by chopping and boiling [30] . Similarly, Ando et al. [25] reported that boiling food in soft water and cooking sliced food in a pressure cooker could reduce phosphorus content while preserving protein content.
Nutritional counseling
Serum phosphate concentrations reflect the dynamic balance between dietary phosphorus absorption, urinary phosphorus excretion, and internal exchange with the bone, soft tissue, and intracellular stores [33] . In MHD patients-who possess severely limited urinary phosphorus excretion and still-efficient gut phosphorus absorption-dietary absorption is a critical determinant of serum phosphate concentration. The importance of dietary phosphate intake is further boosted by the widespread use of activated vitamin D analogs, which increase gut absorption of phosphorus [34] , and by the relatively poor phosphate clearance provided by standard hemodialysis three times per week. Preventing gut absorption of dietary phosphorus either by restricting intake or prescribing oral phosphorus binders is currently the cornerstone of managing hyperphosphatemia in MHD patients. Compared to phosphate binders, dietary phosphorus restriction is underutilized in MHD patients. This is likely due to fear of exacerbating protein energy wasting (PEW), the assumption that patients will be poorly compliant with yet another layer of dietary restriction in Fig. 2 Phosphorus is not directly listed in food ingredients. Instead, phosphate-containing pH conditioners, emulsifiers, and/or kansui (an alkaline preparation for Chinese noodles) are included addition to those already in place (e.g., for fluid, salt) and the logistical challenges of continuous dietary counseling. In support of these concerns, some previous reports suggest that hemodialysis patients are less likely to adhere to a phosphate dietary restriction than to potassium, sodium, or fluid restriction [14, 35] .
To help a patient successfully follow phosphate dietary restrictions, dietitians must listen attentively to patients' concerns and actively identify issues to be solved in order to adequately manage serum phosphorus concentrations. Individual counseling, based on learning needs and preferences, is offered by dietitians to MHD patients with hyperphosphatemia [36] [37] [38] . This counseling includes advice on avoiding phosphate-rich foods and phosphate additives as shown in Tables 2 and 3 . The dietary modification can be achieved through ongoing education from dietitians and other medical team members and through support from family and friends [39] . Towards this end, the Academy of Nutrition and Dietetics in the USA proposed the Nutrition Care Process (NCP). This systematic approach provides high-quality nutrition care through the following four steps: (1) nutrition assessment and reassessment, (2) nutrition diagnosis, (3) nutrition intervention, and (4) nutrition monitoring and evaluation [40, 41] ; Fig. 3 .
A number of large studies have examined the association between educational attainment and outcomes in patients with kidney disease. In an analysis of 61,457 participants in the Kidney Early Evaluation Program, lower educational attainment was independently associated with reduced kidney function and increased mortality [42] . Several interrelated pathways have been proposed to explain the relationship between educational attainment and health including (a) health knowledge and behaviors, (b) employment and income [43] , and (c) social and psychological factors. In particular, education contributes to health by improving health To prevent hyperphosphatemia, you should control your intake of phosphorus.
2
A hypophosphate meal is defined as a dish that has phosphate intake of less than 1,000 mg.
3
A hypophosphate meal is defined as a dish that has high energy and is high in protein.
4
The optimal amount of protein is 50g for women, 60 g for men.
5
There is a lot of phosphorus in protein.
6 40% of phosphate that is contained in a meal is absorbed from the intestine.
7
A calcium-rich meal contains lots of phosphate.
8 Dairy products contain a low level of phosphate.
9
Rice contains more phosphate than bread.
10 Take outs and ready made meals contain a high level of phosphate.
11 Phosphate binders bind phosphate in your stomach and prevent its absorption into your body.
12 Phosphate binders are effective even when you take them long after eating a meal.
13 It is most effective to take medicines that decrease phosphate just before or after meals.
14 If you forget to take the phosphate binders after meal, you should take twice as many of them after your next meal.
15 One of the side effects of phosphate binders is constipation.
16 One of the side effects of phosphate binders id diarrhea 17 Medicine taken before meals should be done 10 min before.
18 Medicine taken just after meals should be taken just after meals. knowledge, affording adequate health literacy, and improving coping and problem-solving skills [44, 45] . These advantages allow patients to make better decisions about their health, engage in healthy behaviors, and selfmanage their medical conditions [46] . Successful control of diet is often challenging, and the availability of a variety of educational resources is very beneficial when working with patients and their families [47] . In an ideal situation, patients are allowed to learn at their own speed. Many medical teams have developed an array of educational tools that include written, visual, or auditory programs to instruct patients on how to effectively modify their diets. Dietitians in our hospital also evaluate and educate MHD patients using original question sheets and tools (Additional file 1; Tables 2, 3 , and 4; Figs. 4, 5, and 6). Many patients have noted that altering diet behavior is one of the hardest challenges in adjusting to dialysis. A recent survey of nutrition trends in CKD patients showed that the greatest perceived obstacles to positive dietary change included the fear of giving up favorite foods, confusion regarding dietary recommendations, and false beliefs regarding the length of time required to prepare healthy foods.
In addition to education, assessing patients' knowledge is an important factor in estimating patient compliance to the renal diet [46, 47] . Dietitians initiate the processes of assessment and education in order to (1) establish communication with patients and their families, (2) provide information to address any underlying nutritional issues, and (3) calm the fears that many patients have regarding the implementation of the many changes required in their lives [48] . In support of this approach, Reddy et al. [41] found that an education program significantly improved patients' general knowledge of phosphorus and phosphate binders and was associated with a significant reduction in serum phosphate in patients with hyperphosphatemia.
Knowledge of phosphate binders as common drugs prescribed to dialysis patients
Phosphate binders limit the absorption of dietary phosphorus into the body through the intestine, thus reducing the amount of phosphorus that enters the circulation. Usually, phosphate binders are taken 5-10 min before or immediately after meals and snacks. Dietitians should know that the combination of phosphate binders and adequate nutrition can help to avoid malnutrition. The two common types of phosphorus binders are calcium-based phosphate binders and calcium-free phosphate binders. New phosphate binders have been released recently, and dietitians also need to keep up with such developments [49] .
Key points for patient education
In the first counseling session with a patient, dietitians should assess the patient's level of understanding regarding phosphorus and hyperphosphatemia. The dietitian should then instruct the patient to:
(a) Take vegetable-based protein rather than animal-based (b)Check the ingredient list (do not forget the phosphorus in popular beverages) (c)Reduce processed food consumption (d)Prepare and cook foods to reduce phosphorus content (e) Use food supplements to avoid PEW.
To convince patients to effectively control dietary phosphorus and protein intake, dietitians need to provide patients with educational resources, such as booklets or leaflets; demonstrate how to recognize and avoid inorganic phosphorus additives; show how to select protein sources and achieve protein adequacy; and explain to patients how to estimate the phosphorus content of chosen foods [50] [51] [52] [53] . The dietitian should also advise that reading the additives listed in food labels on packages can help patients restrict consumption of phosphorus in processed and fast foods.
Monitoring of nutritional status
Regular evaluation of nutritional status includes the measurement of the percent usual body weight and percent standard body weight. Patients can also be evaluated using subjective global assessments, diet diaries, normalized protein catabolic rates, and renal laboratory evaluations. A renal laboratory evaluation should assay the following serum constituents: albumin, glucose, glycosylated hemoglobin and glycosylated albumin (for diabetic patients only), hematocrit, calcium, phosphate, calcium phosphate, potassium, and cholesterol. Results from these assays, when used with the national renal diet guidelines, can then assist renal dietitians in developing a nutrition plan that is appropriate for each patient [37] . Tools to measure body composition tools are extremely useful for the assessment of adult malnutrition at the bedside. Of the available tools, bioimpedance has been the most widely investigated in clinical research. This tool is used by clinicians for assessment purposes in Europe and elsewhere around the globe, in large part due to the affordability, portability, and ease of the use of bioimpedance devices [54] . A bioimpedance measurement takes less than 15 min and is completely noninvasive, making it advantageous for repeat measurements. We assess patient nutritional status using such impedance methods as those offered with the InBody bioimpedance device (InBody, Ltd., Tokyo, Japan).
Importance of avoiding PEW
Recent data indicate that imposed dietary phosphorus restriction may compromise the patient's ability to achieve adequate protein intake, thereby leading to PEW and possibly to increased mortality. Thus, nutritional management is a critical component in CKD treatment as there is a high prevalence of PEW. The concept of PEW was proposed in 2007 by the International Society of Renal Nutrition and Metabolism [55] . This state is characterized by the simultaneous loss of systemic body protein and energy stores in patients with CKD, leading to the loss of both muscle and fat mass and cachexia [56, 57] . PEW is caused by hypercatabolic status, uremic toxins, malnutrition, and inflammation and is both exceptionally common and closely associated with mortality and morbidity in CKD patients [58, 59] . In a recent study, patients with CKD who exhibited serum albumin concentrations below 3.5 mg/dl had a higher rate of mortality [11] . To avoid PEW, the nutritional modifications for CKD patients include adjustments in dietary protein, sodium, potassium, and phosphate intake based on the patient's nutritional status, which is regularly evaluated as described above.
The concept of PEW should be distinguished from malnutrition. CKD-related factors may contribute to the development of PEW; these factors occur in addition to or independent of inadequate nutrient intake due to anorexia and/or dietary restrictions.
Supplementation for MHD patients with malnutrition
The high prevalence of malnutrition in patients on dialysis, and the elevated protein requirements for patients on hemodialysis or peritoneal dialysis, have been documented [58, 59] . Poor appetite, inflammation, and protein loss during dialysis make it difficult for patients to achieve their nutritional targets, especially with regard to protein intake. Thus, we propose the use of protein supplements such as Enjoyprotein® (Clinico Co., Ltd., Tokyo, Japan), which has less potassium, and mid-chain fatty acids (MCFAs), which are well-absorbed fatty acids.
1) Enjoyprotein®
This high-protein supplement has lower levels of both potassium and phosphorus, with a phosphate-to-protein ratio of 0.90 mg/g. The high amount of protein in this supplement helps CKD patients to take in adequate nutrition and to avoid PEW (Fig. 6) .
2) MCFA
In contrast to longer fatty acids, MCFAs are readily absorbed from the gastrointestinal tract and directly enter the portal system. Furthermore, MCFA absorption does not require modification, unlike with the absorption of long-chain or very-long-chain fatty acids. In addition, the digestion of MCFA does not require bile salts. Thus, MCFA supplementation is attracting attention as a means for ensuring adequate nutrition in patients with malnutrition or malabsorption. For such patients in our hospital, we cook rice porridges with Enjoyprotein and MCT oil (The Nisshin Oillio Group, Ltd., Tokyo, Japan), as described below.
3) Chikara-gayu (rice porridge supplemented with Enjoyprotein® and MCT oil)
We cook chikara-gayu for malnutrition patients. This special porridge is prepared using the following ingredients (the taste is improved by adding salt):
1. Porridge 150 g 2. Nisshin MCT oil 9 g 3. Enjoyprotein® 5.5 g 4. Salt 0.42 g 
Activities and approaches for dietitians

Team Kidney in Kyoto Katsura Hospital
Team Kidney was established in our hospital in 2015 as a team including nephrologists, pharmacists, nurses, clinical engineers, medical technologists, physiotherapists, dietitians, staffs of regional medical cooperative office, and medical secretaries. This multi-disciplinary team works cooperatively to prevent CKD progression by working with a regional medical network of general practitioners, planning educational events, and coordinating admissions to a nephrology ward. Figure 7 shows physiotherapists giving a lecture in a kidney disease seminar. As a part of the activities, nurses, dietitians, and sometimes medical doctors talk to hemodialysis patients about the importance of diet modification, particularly in terms of reducing phosphorus intake. To assess patient understanding, a questionnaire focused on phosphorus and hyperphosphatemia is administered to patients (Tables 2 and 3 ). Dietitians conduct counseling with the assistance of a handbook, and pharmacists educate the patients about effects of phosphorus-binding medications, vitamin D, cinacalcet, and other drugs.
Kyoto working committee on foods for dialysis patients
This society was established in 1973 in Kyoto for dietitians working at institutes with a dialysis unit and/or with MHD patients 5 years after renal replacement therapy was granted universal coverage under Japan's National Health Insurance. The society aims to conduct research by surveying CKD patients' nutrition and to identify meals suitable for MHD patients. Currently, 20 dietitians from 16 different institutes and dietitian training facilities belong to this society. One representative event is the annual cooking workshop for MHD patients (Fig. 8) . 
Task force consortium for kidney disease in Kyoto
This society was established in 1979 to promote activities preventing CKD progression. Nephrologists, pharmacists, dietitians, and patients with CKD are the members of the executive committee, which organizes lectures open to the public and provides a site for individual dietary counseling by specialists such as dietitians. The committee also conducted a survey of institutes in Kyoto Prefecture on approaches for preventing renal replacement therapy in diabetes patients. In 2015, traditional Japanese cuisine (Washoku) was added to UNESCO Intangible Cultural Heritage List. Washoku is considered among the most highly rated foods in terms of providing a balanced level of nutrients with low fat. However, Kyo-ryori (local cuisine in Kyoto) tends to have a higher salt content, which is linked to accelerated progression of CKD. Therefore, the society recently developed a new logo indicating adequate salt intake, the "Teki-en" (適塩 in Japanese), which would be much more acceptable for patients rather than the logo for reduced salt intake, "Gen-enn" (減塩 in Japanese) (Fig. 9) . The society is involved in campaigns to educate patients about managing salt reduction.
Conclusions
Diet therapy for MHD patients is as integral to maintaining patient health as taking drugs and receiving adequate dialysis. The dietitian should be one of the principal specialists for educating patients about diet and how best to prepare their food. Open communication and a good rapport between dietitian and patient are vital to improving the patient knowledge and diet compliance. Over time, the work of dietitians will positively change patients' lifestyles. We are confident that, through intensive nutritional intervention, we can prevent complications caused by hyperphosphatemia in ESKD. 
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